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Abstract

AIM: To develop a prognostic model to predict survival
of patients with colorectal cancer (CRC).

METHODS: Survival data of 837 CRC patients under-
going surgery between 1996 and 2006 were collected
and analyzed by univariate analysis and Cox propor-
tional hazard regression model to reveal the prognostic
factors for CRC. All data were recorded using a stan-
dard data form and analyzed using SPSS version 18.0
(SPSS, Chicago, IL, United States). Survival curves were
calculated by the Kaplan-Meier method. The log rank
test was used to assess differences in survival. Uni-
variate hazard ratios and significant and independent
predictors of disease-specific survival and were identi-

(4 9

Boishidengs  WIG | www.wjgnet.com

fied by Cox proportional hazard analysis. The stepwise
procedure was set to a threshold of 0.05. Statistical
significance was defined as P < 0.05.

RESULTS: The survival rate was 74% at 3 years and
68% at 5 years. The results of univariate analysis sug-
gested age, preoperative obstruction, serum carcino-
embryonic antigen level at diagnosis, status of resec-
tion, tumor size, histological grade, pathological type,
lymphovascular invasion, invasion of adjacent organs,
and tumor node metastasis (TNM) staging were posi-
tive prognostic factors (P < 0.05). Lymph node ratio
(LNR) was also a strong prognostic factor in stage I
CRC (P < 0.0001). We divided 341 stage Il patients
into three groups according to LNR values (LNR1,
LNR < 0.33, n = 211; LNR2, LNR 0.34-0.66, n = 76;
and LNR3, LNR = 0.67, n = 54). Univariate analysis
showed a significant statistical difference in 3-year sur-
vival among these groups: LNR1, 73%; LNR2, 55%;
and LNR3, 42% (P < 0.0001). The multivariate analysis
results showed that histological grade, depth of bowel
wall invasion, and number of metastatic lymph nodes
were the most important prognostic factors for CRC if
we did not consider the interaction of the TNM staging
system (P < 0.05). When the TNM staging was taken
into account, histological grade lost its statistical signifi-
cance, while the specific TNM staging system showed a
statistically significant difference (P < 0.0001).

CONCLUSION: The overall survival of CRC patients
has improved between 1996 and 2006. LNR is a pow-
erful factor for estimating the survival of stage I CRC
patients.

© 2013 Baishideng. All rights reserved.
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Core tip: Recent reports and reviews have highlighted
the importance of metastatic lymph node and Lymph

May 7,2013 | Volume 19 | Issue 17 |



node ratio (LNR) in predicting prognosis of colorectal
cancer (CRC). We found that the histological grade,
depth of bowel wall invasion, and number of metastatic
lymph nodes were the most important prognostic fac-
tor for CRC without consideration of the interaction of
the tumor node metastasis staging system. LNR was
a powerful factor for estimating the survival of stage
I CRC. This paper presents new results on the 5-year
overall survival and prognostic factors in Chinese CRC
patients.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common
malignancies and one of the most common causes of
cancer-related death worldwide. An estimated 143460
new cases of CRC will be diagnosed this year, and 51690
patients will succumb to their disease in the United States
alone”. Meanwhile, with the continuous aging of the
population and an increased tendency to adopt a western
lifestyle, the incidence of CRC and its related mortality
is gradually increasing and it has become the fifth most
common of all cancers in China™". Thus, the importance
of CRC as a public health problem is increasing in China.

Over the past two decades, the 5-year overall survival
of CRC patients has improved. Some advanced CRC
patients have received clear survival benefits due to the
practice of resecting liver metastases and advances in
surgical techniques'™. For those patients who have missed
the opportunity for surgery, chemotherapy is still the
main treatment. Although the overall survival of ad-
vanced CRC patients is still poorer than for eatly stage
patients, it is encouraging that the combination of che-
motherapy and targeted drugs may have the potential to

improve survival.

In clinical practice, clinicians need an accurate out-
come prediction of CRC patients to devise an appropti-
ate therapeutic strategy. However, many variables may
influence the prognosis, including both patient and tumor
characteristics”. Therefore, we conducted the present
study to explore the relevant factors affecting the prog-
nosis of CRC patients using existing data in the Second
Affiliated Hospital of Zhejiang University College of
Medicine, China.

MATERIALS AND METHODS

Patients and clinical data
A total of 837 patients with CRC that underwent surgery
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at the Department of Surgical Oncology at the Second
Affiliated Hospital of Zhejiang University College of
Medicine from January 1996 to December 2006 were
enrolled from our database. All clinical cases and their
follow-up data were recorded. The data included sex, age
at diagnosis, clinical symptoms, severe complications, lo-
cation of the primary tumor, histological type, tumor dif-
ferentiation, lymphovascular invasion, depth of invasion,
numbers of retrieved lymph nodes and metastatic lymph
nodes, date of surgery, date of recurrence (if applicable),
cause of recurrence (if applicable), date of death (if ap-
plicable), cause of death (if applicable), postoperative
treatment, and date of follow-up. This study consisted
of stages [ -IV CRC patients. No local or systemic treat-
ment had been conducted preoperatively. Patients’ blood
samples were collected before their operation and their
carcinoembryonic antigen (CEA) levels were analyzed.
Specimens were fixed in formalin and stained with
hematoxylin-ecosin (HE) and used for histopathological
evaluation. The 6" and the 7" editions of the Union for
International Cancer Control (UICC) classification were
used to categorize colorectal carcinomas. Rectal cancer
was defined as carcinomas with a distal margin of 15 cm
from the anal verge measured with a rigid endoscope.

Follow-up duration

All patients were followed up at 3-mo intervals for the
first 2 years, and 6-mo intervals for 3-5 years. Follow-up
was completed for the entire study population by March
2011, and the median follow-up period was 45 mo. The
baseline of the study cases are shown in Table 1 (six
cases of double primary CRC were excluded from Table

1).

Statistical analysis

All data were recorded using a standard data form and
analyzed using SPSS version 18.0 (SPSS, Chicago, IL,
United States). Survival curves were calculated by the
Kaplan-Meier method. The log rank test was used to as-
sess differences in survival. Univariate hazard ratios and
significant and independent predictors of disease-specific
survival and were identified by Cox proportional hazard
analysis. The stepwise procedure was set to a threshold
of 0.05. Statistical significance was defined as P < 0.05.

RESULTS

A total of 837 patients with CRC were enrolled. The
3-year and 5-year survival for all 837 patients was 74%
and 68%, respectively. Table 2 summarizes the univariate
analysis results of different clinical and pathological fea-
tures.

Most patients (7 = 808) were diagnosed in middle age
(median age: 60 years, range: 19-91 years) and 29 were
diagnosed at < 35 years of age. Patients were divided
into four groups according to age at diagnosis: agel <
35 years, age2 36-59 years, age3 60-74 years, and age4 =
75 years (Figure 1A). A significant difference in 5-year
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Table 1 Basic data for patients with colorectal cancer 7 (%)

Basic data Colon cancer Rectal cancer
(n = 437) (n = 394)

Sex

Male 245 (56.1) 245 (62.2)

Female 192 (43.9) 149 (37.8)
Age at operation' (yr) 60.9+13.1 583 +127
Dukes’ staging

A 38 (8.7) 81 (20.6)

B 181 (41.4) 117 (29.7)

C 166 (38.0) 172 (43.7)

D 49 (11.2) 23 (5.8)
Status of resection

Curative 356 (81.5) 349 (88.6)

Palliative 62 (14.2) 33 (8.4)

Undefined 19 (4.3) 12 (3.0)
Tumor size

=5cm 154 (35.2) 64 (16.2)

<5cm 247 (56.5) 263 (66.8)

Undefined 36 (8.2) 67 (17.1)
Histological differentiation grade

Well 93 (21.3) 118 (29.9)

Moderate 184 (42.1) 180 (45.7)

Poor 108 (24.7) 61 (15.5)

Undefined 52 (11.9) 35 (8.9)
Lymphovascular invasion

Positive 14 (3.2) 10 (2.5)

Negative 423 (96.8) 384 (97.5)
Perineural invasion

Positive 11 (2.5) 3(0.8)

Negative 423 (96.8) 391 (99.2)
Invasion of adjacent organs

Positive 37 (8.5) 15 (3.8)

Negative 396 (90.6) 379 (96.2)

Undefined 4(0.9) 0(0.0)

'Data are expressed as mean  SD. Six cases of double primary colon and
rectal cancer were not included.

survival was found between these four groups: agel 65%,
age2 66%, age3 74%, and age4 53% (P = 0.002).

Among the 837 patients, 495 were male and 342 were
female. There was no sex difference in survival (P =
0.834). Clinical features of 437 colon cancer patients and
394 rectal cancer patients were recorded. We also found
six cases of double primary colon cancer and rectal can-
cer. In spite of a higher incidence of colon cancer, there
were no significant differences in survival between pa-
tients with colon cancer and rectal cancer.

There were 25 patients who had a family history of
CRC. It seemed that they had a trend toward better sut-
vival than the other 812 patients without a CRC-related
family history. The difference was not statistically signifi-
cant; 3-year survival was 91% vs 73% and 5-year survival
was 82% s 68% (P = 0.391).

According to the results of univariate analysis, pa-
tients with obvious clinical symptoms, such as tumoz-
related obstruction, perforation, diarrhea, constipation,
and change of bowel habits had a shorter survival (Table
2). However, only the difference in tumor-related ob-
struction was statistically significant. The 3-year and 5-year
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Table 2 Univariate analysis of the prognostic factors for

patients with colorectal cancer

n 3-YSR 5-YSR P value'
Age group (yr) 0.002
Agel (< 35) 29 65% 65%
Age2 (36-59) 370 73% 66%
Age3 (60-74) 334 78% 74%
Aged (= 75) 104 61% 53%
Sex 0.834
Male 495 73% 67%
Female 342 74% 69%
Family history of CRC 0.391
Negative 812 73% 68%
Positive 25 91% 82%
Obstruction 0.000
Negative 790 76% 70%
Positive 45 39% 35%
Perforation 0.629
Negative 824 74% 68%
Positive 11 68% 68%
Bleeding 0.116
Negative 289 69% 66%
Positive 546 76% 69%
Diarrhea 0.421
Negative 750 75% 68%
Positive 85 65% 63%
Constipation 0.415
Negative 776 74% 68%
Positive 59 72% 66%
Habits changes 0.547
Negative 531 74% 69%
Positive 304 73% 66%
Serum CEA level 0.042
< 5ng/mL 661 74% 69%
>5ng/mL 172 71% 62%
Status of resection 0.000
Curative 711 80% 74%
Palliative 95 29% 22%
Tumor location 0.705
Colon cancer 437 73% 69%
Rectal cancer 394 74% 66%
Double primary of colon 6 75% 75%
and rectal cancer
Tumor size 0.004
<5cm 516 77% 71%
=5cm 218 67% 62%
Histological differentiation 0.001
grade
Well 212 78% 71%
Moderate 366 73% 65%
Poor 170 62% 60%
Pathological types 0.036
Non-mucous cell carcinoma 663 76% 70%
Mucous cell carcinoma 141 63% 59%
Lymphovascular invasion 0.000
Negative 813 75% 69%
Positive 24 44% 36%
Perineural invasion 0.057
Negative 820 74% 68%
Positive 14 42% 42%
Invasion of adjacent organs 0.000
Negative 781 75% 70%
Positive 52 43% 33%

'P values were made by log-rank test. 3-YSR: 3-year accumulative survival
rate; 5-YSR: 5-year accumulative survival rate; CEA: Carcino-embryonic
antigen; CRC: Colorectal cancer.
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Figure 1 Survival curves of colorectal cancer patients. A: In different age
groups; B: With different carcino-embryonic antigen levels; C: With different
operation status. CEA: Carcinoembryonic antigen.

survival of 45 patients with preoperative bowel obstruc-
tion was 39% and 35% respectively »s 76% and 70% in
patients without symptoms (P < 0.0001). In addition to
the clinical symptoms, serum carcino-embryonic antigen
(CEA) level is commonly used as a screening and predic-
tive factor for CRC patients (Figure 1B). In our study,
the prognosis for patients with high CEA levels of > 5
ng/ml. at diagnosis was worse than those who with low
CEA levels; 3-year survival was 71% »s 74% and 5-year
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survival 62% vs 69% (P = 0.042).

Surgery plays an important role in the treatment of
CRC, and radical resection of tumors also has a major
influence on prognosis. In our study, 711/837 CRC pa-
tients underwent curative surgery, while 95 had palliative
surgery due to serious complications ot for other reasons
(Figure 1C). Compared with patients who had curative
surgery, there was a significant decrease in postoperative
survival in patients who had palliative surgery; 3-year
survival of 80% »s 29% and 5-year survival of 74% vs
22% (P < 0.0001). This confirms that curative surgery
is one of the crucial factors affecting prognosis of CRC
patients. In addition, the maximum length of the primary
lesion, tumor differentiation, histological type, depth of
bowel wall invasion, lymphovascular invasion, and inva-
sion of adjacent organs may affect the prognosis of CRC
patients (P < 0.05, Table 2).

Currently, the TNM staging system is widely accepted
for tumor staging globally, and also represents the main
staging system in our country. The 6" revision is regarded
as being a significant improvement in CRC staging and
the 7" revision is considered to be a major turning point
in the evolution of cancer staging!”. Regardless of the
edition used for staging, survival of CRC patients gradu-
ally declined with increase in depth of infiltration of the
primary tumor, the number of positive lymph nodes es-
timated, and status of distant metastases (Table 3, Figure
2). We also found that survival of stage Il A patients was
better than of stage IIB patients regardless of which
edition was used to classify postoperative staging: with
the 6" edition, 5-year survival of stage II B and [T A was
75% and 87% (P < 0.0001), and for the 7" edition, 5-year
survival of stages IIB and I A was 75% and 91% (P <
0.0001).

LNR is defined as the ratio of positive lymph nodes
divided by the total number of retrieved lymph nodes,
and does not depend on the number of lymph nodes
harvested”. It is considered to be an independent factor
that reflects survival of CRC patients, especially those
with stage Il disease. We calculated the LNR values of
341 stage Il cases. The mean LNR was 0.34 (median: 0.25,
range: 0-1). Patients were divided into the following three
LNR subgroups: LNR1, LNR <t 0.33, » = 211; LNR2,
LNR 0.34-0.66, #» = 76; and LNR3, LNR = 0.67, » = 54
(Figure 3). Survival among these three groups was signifi-
cantly different (P < 0.0001).

After we calculated the positive factors by univariate
analysis, we used multivariate analysis (Cox proportional
hazard model) to find the most significant prognostic
factors (Table 4). First, we analyzed the interaction of
the positive clinicopathological factors from univariate
analysis, and multivariate analysis showed that histologi-
cal grade, depth of bowel wall invasion, and number of
metastatic lymph nodes affected the prognosis of CRC
patients (P < 0.05). We performed another two separate
multivariate analyses with the 6" and 7" TNM staging
systems. We found that histological grade was no longer
a positive item when considering the interaction of the
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Table 3 Univariate analysis of tumor node metastasis staging system for patients with colorectal cancer

6™ edition of TNM staging system

7" edition of TNM staging system

n 3-YSR 5-YSR P value n 3-YSR 5-YSR P value

pT 0.000 pT 0.000
T1 35 100% 100% T1 35 100% 100%
T2 128 87% 86% T2 128 87% 86%
T3 324 73% 66% T3 324 73% 66%
T4 345 66% 59% T4a 303 69% 62%
T4b 42 45% 33%
Undefined 5 78% 78% Undefined 5 78% 78%

pN 0.000 PN 0.000
NO 445 86% 80% NO 444 86% 80%
N1 224 68% 61% Nla 103 71% 63%
N2 168 48% 43% N1b 120 66% 61%

Nlc 2 50% /

N2a 82 54% 43%
N2b 86 42% 42%

pM 0.000 pM 0.000
MO 765 78% 73% MO 765 78% 73%
M1 72 28% 18% Mila 49 29% 19%
M1b 23 26% 17%

Stage 0.000 Stage 0.000
I 121 93% 93% I 121 93% 93%
oA 173 88% 81% oA 173 88% 81%
B 125 85% 75% B 121 85% 75%
mA 33 87% 87% nc 5 100% 100%
mB 168 68% 61% mA 33 91% 91%
mC 141 53% 48% mB 199 69% 61%
Y 72 28% 18% mC 109 47% 44%
VA 49 29% 19%
VB 23 26% 17%
Undefined 4 100% 100% Undefined 4 100% 100%

3-YSR: 3-year accumulative survival rate; 5-YSR: 5-year accumulative survival rate; TNM: Tumor node metastasis.

TNM staging system (Table 4). Results for the 6" and
7" TNM staging systems in multivariate analysis showed
significant differences (Table 4, P < 0.0001). Another two
factors, the depth of bowel wall invasion and the number
of metastatic lymph nodes, showed a positive statistical
significance, regardless of which TNM staging system
was used (Table 4, P < 0.05). Besides, with the increase
in the number of metastatic lymph nodes with each level,
the relative risk of death of CRC patients will increase
1.093 times without consideration of an exact clinical
staging. However, this risk decreased to 1.037 times using
the 6" TNM staging system and 1.047 times using the 7"
system.

DISCUSSION

CRC is the fifth most common cancer in China". The
morbidity and mortality of CRC have shown a clear up-
watd trend in both urban and rural areas over the past 30
years. Although there has been an improvement in surgi-
cal techniques and treatment, the 5-year overall survival of
CRC is still hovering around 60%. Park ez a/” have report-
ed a 5-year survival rate of 67.2% in 2230 cases of CRC.
In China, Lv ¢ a/'” has reported 5-year survival rates of
58.4% and 64.5% 383 cases in colon and rectal cancer
patients, respectively. In our study, the 3-year and 5-year
survival of CRC patients was 74% and 68%, respectively.
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The postoperative 5-year survival increased to 74% in our
hospital, compared with 66% during 1980-1999""'7,

From 1980 to the 1990s, rectal cancer accounted
for the main part of the incidence of CRC in China™"".
However, data from Table 2 showed a higher proportion
of colon cancer than rectal cancer in our hospital from
1996 to 2006; with 437 cases »s 394 cases. Other research-
ers have reported similar results, which suggests that
the proportion of rectal cancer cases is gradually declin-
ingm"ls]. Although the reason for the change is unclear,
some experts have suggested that the higher incidence of
colon cancer might be a complex result of changes in di-
etary habits, the higher rate of diagnosis of colon cancer,
etiological changes, and the increased incidence of right
colon cancer"**".,

In addition to the change in location of disease, the
age at onset has also changed. Previously, CRC had a
higher incidence in elderly people™. However, recent
results at home and abroad have found that detection of
CRC in the younger population is increasing”™. CRC in
young patients is generally considered a more aggressive
disease, which presents at a later stage and has poorer
pathological features™. Zhong et al* have reported
only a 27.51% 5-year survival rate in young Chinese pa-
tients with CRC. In our study, the 5-year survival in the
low-age group (agel) was 65%, which was slightly lower
than the overall rate (68%), although it had improved
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Figure 2 Survival curves of colorectal cancer patients. A-D: According to the 6" edition of the tumor node metastasis classification; E-H: According to the 7" edi-
tion of the tumor node metastasis classification.
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Figure 3 Survival curves of colorectal cancer patients in different lymph
node ratio groups. LNR: Lymph node ratio.

from the 5-year survival rate of 53% in patients aged
< 40 years at our hospital between 1980 and 199979, 1t
should be noted that there is no international standard
definition of young or old, and the definition of low age
in our study is different from that used by Cai ez /", The
overall survival between different age groups showed a
significant difference in univariate analysis (Figure 1A),
but failed to show a significant difference in the multi-
variate analysis.

Some reports have suggested that several clinicopath-
ological features contribute to the unfavorable prognosis
of CRC in young patientsng]. A review of the literature
has suggested that younger patients with CRC, without
relevant predisposing risk factors, have more advanced
stages of disease, more aggressive histopathological char-
acteristics, and a poorer prognosis compared with older
patients™. However, there is also some evidence to show
that cancer-related survival in young CRC patients seems
no less favorable compared with older patientsmn].

The current international standard for CRC staging
is the TNM system. The 7" edition of TNM staging,
developed by the UICC and American Joint Committee
on Cancer, has undergone some significant changes from
the 6" edition. We tested which of the two versions could
predict survival more accurately. Results of univariate
analysis showed values in both staging systems were sta-
tistically significant prognostic factors (P < 0.05). Figure
2D and H demonstrate the differences from stage 1 to
stage IV disease. Similarly, both the 6™ and 7" TNM stag-
ing systems were effective for judging the clinical survival
and prognosis of CRC based on the results of multivari-
ate analysis. The results also suggest a higher relative risk
of death in CRC patients with more metastatic lymph
nodes with an unclear clinical staging. It is worth noting
that the patients with stage Il A disease had a better sur-
vival than patients with stage [[B disecase, as determined
from the follow-up data. It might be explained by stage
ITA patients routinely receiving chemotherapy after their
operation as part of current clinical practice, while stage
I B patients do not. Some authors also hold the view
that lower survival of stage II CRC patients might be
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Table 4 Multivariate analysis (Cox proportional hazard

model) of prognostic factors

P value RR 95%CI
Without interplay tumor node metastasis staging system
Age group 0.060 1.193  0.993-1.434
Obstruction 0.241 1.011  0.993-1.030
Tumor size 0.257 1.002  0.998-1.006
Serum CEA level 0.690 0.996  0.978-1.015
Status of resection 0.082 1.005  0.999-1.012
Histological grade 0.007 0.991  0.984-0.998
Pathological types 0.817 0.999  0.992-1.006
Depth of bowel wall invasion 0.000 1.047  1.028-1.067
Lymphovascular invasion 0.695 0974  0.854-1.111
Invasion of adjacent organs 0.942 0.998  0.949-1.050
Number of metastatic lymph nodes  0.000 1.093  1.073-1.114
With interplay 6" tumor node metastasis staging system
Age group 0.054 1.194  0.997-1.430
Obstruction 0.386 1.008  0.990-1.028
Tumor size 0.259 1.002  0.998-1.006
Serum CEA level 0.789 0.997  0.979-1.017
Status of resection 0.136 1.005  0.999-1.011
Histological grade 0.114 0.995  0.988-1.001
Pathological types 0.290 0.996  0.989-1.003
Depth of bowel wall invasion 0.014 1.028  1.006-1.050
Lymphovascular invasion 0.758 0.981  0.869-1.108
Invasion of adjacent organs 0.840 0.994  0.935-1.056
Number of metastatic lymph nodes  0.006 1.037  1.010-1.065
6" TNM staging 0000 1471 1.344-1.610
With interplay of 7" tumor node metastasis staging system
Age group 0.094 1.168  0.974-1.400
Obstruction 0.434 1.008  0.989-1.027
Tumor size 0.289 1.002  0.998-1.006
Serum CEA level 0.768 0.997  0.978-1.016
Status of resection 0.184 1.004  0.998-1.010
Histological grade 0.109 0.995  0.988-1.001
Pathological types 0.283 0.996  0.989-1.003
Depth of bowel wall invasion 0.023 1.025  1.003-1.048
Lymphovascular invasion 0.779 0983  0.873-1.107
Invasion of adjacent organs 0.802 0.992  0.930-1.058
Number of metastatic lymph nodes ~ 0.002 1.041  1.015-1.069
7" TNM staging 0.000 1354  1.261-1.454

RR: Relative risk; CEA: Carcino-embryonic antigen; TNM: Tumor node
metastasis.

related to the particular biological behavior of stage II
[33-35]

Lymph node metastasis is a significant component
of TNM staging of CRC. Tumor stage and the number
of lymph nodes retrieved at resection influence the ac-
curacy of determining nodal status in CRC. They also
influence the postoperative treatment strategy of CRC
patients. In our study, we took the T, N and M stage as
factors in univariate analysis and obtained positive re-
sults (Table 3, Figure 2). In addition, multivariate analysis
demonstrated a strong relationship between the number
of metastatic lymph nodes and survival of CRC patients
(Table 4). The relative risk of death is increased with
the number of metastatic lymph nodes. The number of
lymph nodes found after surgical resection was positively
associated with survival of patients with stage II and I
colon cancer™”". An underestimation of the nodal stage
may lead to a high risk of local recurrence and influence
decisions regarding adjuvant therapy, as well as influenc-
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ing the overall prognosism’m. According to the result
of the INT-0089 trial, National Comprehensive Cancer
Network Colon Cancer Clinical Practice Guidelines rec-
ommend that retrieval and examination of = 12 lymph
nodes can be regarded as adequate lymphadenectomy for
accurate staging[42].

There is a difference between the number of meta-
static lymph nodes reported duting surgery and the actual
number of metastatic lymph nodes. The difference may
result from many factors, including the extent of surgi-
cal dissection and the thoroughness of the pathologists.
Cases with insufficient retrieval and undetected lymph
nodes are not unusual in clinical practice, although the
concept of taking a sufficient number of lymph nodes
during surgery to ensure exact postoperative staging is
currently agreed. Evaluating lymph node metastasis has
become a prognostic factor for CRC, and LNR is an im-
portant component of staging. LNR has also been identi-
fied as being of significant prognostic value in breast and
gastric cancer™". Berger ez a/* were the first to suggest
LNR as an important prognostic factor after curative re-
section for CRC. It was then established as a powerful in-
dependent index of CRC that reflected the probability of
positive lymph nodes based on the number of retrieved
lymph nodes™* . In our study, we found a dramatic
decrease in survival with an increase in LNR in stage I
CRC patients (P < 0.0001, Figure 3).

Although the LNR has been emphasized as an impor-
tant prognostic factor, quantification should be followed
for clinical validity. Song ez a/*” have compared three
prognostic factors of CRC and have concluded that LNR
classification is a more reliable N classification than the
nodal staging in the TNM system and LODDS:

pnod +0.5

tnod —nnod + 0.5

pnod is the number of positive lymph nodes, tnod
is the total number of lymph nodes retrieved, and 0.5
is added to both numerator and denomination to avoid
singularity”. They believe that LNR is superior to the
other two indexes for the following reasons: (1) LNR
could contribute to accuracy in prognostic assessment; (2)
when the retrieved lymph node numbers is insufficient,
TNM nodal staging will be inappropriate for staging mi-
gration and will even underestimate prognosis; and (3)
as a novel indicator for predicting the status of lymph
nodes, evidence of LODDS in CRC is inadequate and is
more difficult to calculate and inconvenient for clinical
practice™. When the number of examined lymph nodes
is inadequate, LNR is a simple and powerful index to as-
sess the prognosis of CRC patients.

In conclusion, based on the results from our study, we
were delighted to find the overall survival in our hospital
had improved between 1996 and 2006. Younger patients
with CRC have attracted attention because of the increas-
ing number of new cases, their adverse clinicopathologi-
cal features, and poor prognosis. However, there is still
a debate about the prognosis and clinicopathological

defined as log
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features of CRC in young compared to old patients. The
pathogenesis and mechanism of disease are still unclear.
The overall survival in patients with stage IIA CRC was
better than that in patients with stage I B disease. This
might be a combination of the special biological behavior
of stage II CRC and the type of medical intervention for
stage Il CRC patients. The exact mechanisms of these
problems and phenomena need further study.

By using multivariate analysis, we found that tumor
histological grade, depth of bowel wall invasion, and met-
astatic lymph node numbers were independent prognos-
tic factors for patients with CRC if we did not consider
the exact clinical staging. We also found other important
factors that could affect the prognosis of patients with
CRC by univariate analysis, such as patient age, status of
resection, and invasion of adjacent organs. The relative
risk of death in CRC patients increases with the number
of metastatic lymph nodes with an unclear clinical stag-
ing, which emphasizes the importance of correct clinical
staging.

Surgeons know that a curative operation can greatly
improve the overall survival of CRC patients, and resec-
tion of a sufficient number of lymph nodes is a necessity
for proper postoperative staging. LNR is a powerful fac-
tor for assessment of prognosis in stage Ill CRC patients
and is worthy of use in daily practice for evaluating a pa-
tient’s risk of death. However, we should combine it with
other complex factors that together can make a complete
assessment so we can devise a proper plan for further
treatment.

Besides appropriate treatment, a sensible follow-up
plan should be given to CRC patients with full consid-
eration of the factors mentioned above. Moreover, we
should devise treatment strategies carefully based on the
concept of individualized treatment according to each
patient’s clinical features, to improve survival and prog-
nosis, especially for those patients with risk factors. In
addition, early screening and surveillance by appropriate
methods may improve the overall survival of CRC.

COMMENTS

Background

In recent years, the morbidity and mortality of colorectal cancer (CRC) has risen
in the Chinese population. Although the 5-year overall survival of CRC patients
has improved, the overall survival of advanced CRC patients is still poor. There
are many impact factors that could influence the prognosis of CRC patients.
Thus, a proper model for predicting the prognosis of CRC patients is necessary
for both surgeons and physicians.

Research frontiers

Nowadays, the tumor, node, metastasis (TNM) staging system is approved
and widely used for clinical staging of CRC patients. As the latest version of
TNM staging system, the 7" edition of TNM staging system is considered to
represent a major turning point in the evaluation of CRC staging. However, less
information of the real assessment validity between the 6" and 7" versions is
available in Chinese populations.

Innovations and breakthroughs

Recent reports and reviews have highlighted the importance of metastatic
lymph node and lymph node ratio (LNR) in predicting prognosis of CRC pa-
tients. LNR is an easy but powerful index to evaluate prognosis in stage III
CRC patients.
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Applications

Using univariate analysis and Cox proportional hazard regression model, we
found that histological grade, depth of bowel wall invasion, and number of
metastatic lymph nodes were the most important prognostic factors for CRC
without consideration of the interaction of the TNM staging system. LNR is a
powerful factor for estimating the survival of stage I CRC patients.

Terminology

LNR is defined as the ratio of positive lymph nodes divided by the total number
of retrieved lymph nodes, and does not depend on the number of lymph nodes
harvested. It is considered an independent factor that reflects survival of CRC
patients, especially those with stage Il disease.

Peer review

This article is helpful and creative for clinical significance. The results of this
article verified the predictive affection of tumor invasion, lymph node metastasis
and lymph node ratio. Meanwhile, it concludes that the 6" and 7" National
Comprehensive Cancer Network TNM staging systems are both effective to
predict the survival of colorectal cancer patients.
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